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A NETHOD OF PROTSCTING METAL FQWDERS FROL
DETERIORATION

Prepared by:
R. H. Comyn and R. Skelton

ABSTRACT: A method has been developed for protenting mancanese
and codalt powders from detarioration in order to improve the
surveillance qualities of gasless delay mixtures which use
these powders as fusls. The protaction is provided by treat-
ing the aurface of the metal powder first with a hot agneous
potassium dichromate soluticn and then with a solution of
stearic acid in carbon tetrachloride. The resulting surface
coating improves the resistance of the matal powder to
corrosion at 160°F,, and 95% relative humidity. The stearic
acid treatment adds about 1x10-7 grams of carbton per cmd

of the metal powder 3urface. This acdiition appears to de
uniforn. Gaslass delay mixtures which utilize either of
thasa treated metal powders a3 [luels have satisfactory durne

ing and storage qualities,

U. . NAVAL ORDNAKCE LABORATCRY
WHIT. OAK, MARYLAND
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The investications outlined in this roport form a part of
the general invastlgation, Develorment of Gasless Fuze
Powder, Task NOL-Re2c-104-2-51. The rdport is based on
experinental work conducted by thas Chemistry Division of

the Engineering Department of the Naval Ordnance Laboratory
and, as such, may be of intarast to other activities enpagnd

in similar investigations.

W. G. SCHINDLER
Rear Admiral, USHN
Commanier

8. ¥. Booth
By direction
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A METHOD CF PRCIFCTING WMETAL POWLERS FRCM
DETTHIORATION

INTRODUCT ION

1. The use of either cohalt powder or manganese powder as
a fuel in gasless delay mixtures is described in reference
(a). Since 1t is desirable for gasless mixtures to with-
st nd high humidity at temperatures up to 160CF. without
deterioration, the ability of these two fuels, cobalt and
manganesa, %o withst=nd decomrosition in hot hunid gtmose
pheres 13 important. Since preliminery taests indicated that
both of thase povders deteriorated rapidly wnder thesa
conditicns, this study was made in order to detsrmine the
most effective method of Innidbiting this decomnosition.
The subsequent use of these powders in gasless delay come
positions prevented the use of such materials as wax or
varnish as a protactive coating. It would be necessary to
use a large excess of such materials t¢ protect the mrial
pouders, which would lead %o excessive gas formation in
the presence of the oxidizing agents in gzsless mivtures
and also lead to non-reproducible burning rates.

TEST CONDITICNS

2. It waas drncidaed that the weilght incraase of the metal

po vders, after exposure to a warm humid atmoarhere, would
be used as @ measure of the deterioration of the metal.
About 2 gm. of the metal powder was nlacad in a tared, 50
cc. beaver. The beaker and its contents were dried one
hour at 71°C. (160°F), and allowed to cool in A desiceator.
Since a number of samples wag tested 3% one time, 1% wmas
believed that the necessary rereated opening of {h

would lead to erratic sample weights, and, therafore, a®ter
cooling, the baaker and fts contents were allowed to stand
in the open air for 15 minutes in order to come to equilibrium
with room conditions. The baaker and its contents were then
welghed and placad in a desiccator over a saturated selution
of potnssium sulfate and held at 71°C, & 1°C. (160°F), The
potassium sulfate solution was used to hold the relativs
humidity at 95% (rnference b). Afts> the same had been ex~
posad tc the warm humid air for a definite time interval,

it was removed and dried for ona hour at 71°C. ambient
humidity, and cooled and wefghed as dasaribed above.
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PROTECTIVE COATINGS FOR COBALT FODFRS
Potzss D omata Traatment
3. The use ol potassiun dichromate treatment for protectlng
metal powders from subsaquent deterioration is reportad in

reference (¢). This method was followed, using the procedure
outlined in Appendix I, Treatment A. The corrosion tests on

"two lots of cobalt powder treated in this manner are comrared

with corrosion tests on the same lots of untreated cobali, in

~Table I, Test Nos. 1 and 2. These reosults indicats that the
“eorrogsion of cobalt powder may be partly iahibited by this

treatnent, but the corrosion rate is still high enough teo

aliminatg this method of corrosion inhibition.

4§§£§bh of Wsshing Cobalt Prior to Dichromate Treatment

4. 1In order %o detormine the effect of clening the surface

of the cobalt prior to treating the surface with potassium

” dichremate, the cobalt powader was stirred in a water solution

of the commercial deterront "Dreft" as described in Apperdix

Xy Treatment L. It was found that the Prefl solution was
‘very difficult to filter, and therefore, a centrifuge was

used to zeparate the cobalt from the Dreft solution as well
as to wash the cob2lt in subsaquent dichromate treatments.
After the cobalt powder was washed as described in Appendix
I, Treatment D, 1t was treated with potassium dichromate,

~Appendix I, Treatment C. As a comparison, cobalt powder

was nlso treated directly with potassium dichromate, as
described in Apfandix I, Treatument C. The corrosion tests
shown in Table I, Test Nos. 3 and 4, indicate that this
washing of cobalt noader prior to dichromating has 1ittle

v -affect on its resistance to corrosion.
'8 tmant

5. It is assumed that the initial step in the corrosion of

" metals in a warm humid atmosrhere involves the condenssation

of a water f4lm on the metal surface (refererce d). The
use of 8 coating of a long chain aliphatic acid to protect
the metal from this water film condensation has been studied
and 'is reported in several papers (references e, f, and gl}.

" It 1s assumed that the acidic end of the organic molaecule 1is
* attracted toward the metal surface, leaving the alirphatic

part of the molacule turned outward. Since the aliphatic
ends of the long chain acids are hydrophobic, the metal 1=
effoctively watarprooted, and the ~ondensation of water on
the metallic surface is prevented. Heferencs f, reports
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that up to a certain point the amount of alirhatic acid absorbed
cn metal surfaces 13 independent uf the concentration uf the
acid in the contact s2lution and cannot be removed by washing
witn solvents. Beyond that point the amount absorbed varies
directly with concentration and tha excess can be removed by
washing with solvents. Since the metal powders are to be used
in dslay mixtures in which minimum gas formation and repro-
duichle burning rates are important, it was decided to wash the
metal powder thoroughly after the organic acid had been adsorbed
in order to keep the amount of adsorbed acid at a reproducible
minimum. Since stearic acid is a rendily ave-ilable long chaln
3atu§ated alirhatic acid, it was used to provide the protective
coating. 7

Stoanrlc Acid Treatment on Untrested Coba)

6. Two lots o? cobalt powder were treated with stearic acid
according to the instructions ocutlined in Appensix I, Treatment
B. The fact that tha atearic acid adhered o the metal powder
was shoan by the fact that th- treated powdor could not be
disperssd readily in a bteaker of water but either floated on
top of the water or sanx in a globule of powder to the botiom
of the beaker. However, the resulis of the corrosicn tests

on thess samples nhown in Table I, Tast No. 5, indicate that
the stearic acid treatment aglone dces not inhibit the corrosion
of cobalt porder to any great axient. ‘

3t Acid ent 1350 \A

7. Tuo lots of cobnl: powder which had previously been treated
by potassium dichromate, Apperdix I, Treatment A, were troated
with stearic acid, Appondix I, Treatment B. The results cf the
corrosion test, Table I, Test No. 6, show that the rate of
deterioration of coballt powder treated in this manner 1s slow
encugh so that the powder may be considered io be adoguately
protected. Further tests were run in which the cobalt vas
washed using a centrifuge to aid deesntatlion, after both the
dichromate and stearic acid treatments. (aAppendix I, bicharo-
mate Treatment C, and Stearic Acid Treatment E). An additional
test aas run in which the cobslt was washed in a solution of
breft, (Dreft VWash Trestment D), prior to treating with dichromate
and stearic acid solutions. The results of corrosion tests on
doth of these samples are shown i{n Table I, Teat Nos. 7 and 8.
The corrosion resistance of these sanples compares closely with
the corrosion resistance of the samples shown in Table I, Test
No. 6, and there fces not appsar to be any advantage in using
the preliminary Ureft wash.
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: PROTECTIVF COATINGS FOR JMANGANISE POWDET

Potassium Dichromate Treatments Without Potassium Acid Sulfage

8. If manganese powder 18 added %o a solution of potassium
dichromats and potnssium acid sulfate, Dichromate Treatment
A, Appendix I, a noticeable reaction ocecurs betwsen the rotassium !
acid sulfate and the manganese. This reaction is sufficiently ‘
violent to naecessitate adding the manganese very slowly. As %
a result, the potassium acild sulfate 13 depleted bhef re the
bulk of the manganese 13 added to the solution and the trate
went of the wnole sample i3 not ccnsistant. Therefore, testis
waere made to determine the practicabliity of trenting the
many4no29 with a potassium dichromate solution without using
potyasium acid sulfate. It was also desirnble to determine
the effect .of washing the manganese, prior to the dichromate
treatment, with the commercial datergent "Dreft®. Since this
latter treatment necessitated the use of a centrifuge,
‘paragraph 4, teats were run to datermine whether the corrosion
razistonea of the treated powder was affected by the method
of waching after the dicaromate trestment. Two lots of

’ wanganese powder were treated by Dichromate Treatment A
Appendix I, in which the manranose was washed with distilled
watsr on a suction filtsri by Dichromate Treatment C, Appendiv

" I, in which a cantrifuge was usad to facilitate the washing
a%ter trcatment; and by Dreft wash Treatment B, Aprendix I,
followsed by Dichromate Tre~tment . The potassium acid
sulfate w33 oxitted from theze dichromate treatments. The
corresion tests on samplas of manganase powder treated by
thase nmethods are compared with tests on untreated samples
in Table 1I, Test Nos. 1, 2, 3 and 4. The results indicate
tiiat the corrosicn i{nhibvition furnished by these ftraatments
4s not sufficient to justify thelr use,

Pol: y ironats T» monts Us P 4 Aodd Eulfats

8, In order to determine the affact of potassiun aclid sulfate
on the dichromating of manganese, two lots of manganese were
trentad by Dichromate Treatment F. In thia method, the man-
ganesa was added to the hot dichromate solution, and a second
solution of .272 gm of potaszium acid sulfate in 100 cec. of
diatilled water was addaed slowly over a 15 minute period
‘while stirring at 95°C. 1t was balieved that by this method,
the whola of tho manpgunasa sample would receive equal trest-
ment. The results of corrosicn tasts on samples treated in
this manner are compared with corrosion tests on samples of

¢ wntreated manganese powder, in Table III, Test Hos. 1 and 2.
Tho number of water washes nftec the dichromate hreatment was
varied as shown in Table 11X, Test No. 2. The tests indlcate

’ that the addition of potassium acid sulfate during the
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dichromate trettment lmproves tha correcsicn resistance of
manganese powder. The efTact cf additicnal washing aftsr
the dichromate treatment 1s inconclusive. The tests wers
terminated after 20 days of exposura due to lack of oven
Space. However, other tests which will be discussed in
later paragrarhs, indicated that other methods of &treatment
weuld be superior to this method,

STEARIC ACID TRWATMENTS
Stearie 4214 Treatment on Untrssted Yangsnasa

10. Two lots of mane-nese powder were treated with stearie
acid according to the method outlined in Appendix I, Treatmen®
B.e As in the case of the cobalt powder treated 1:n the same
manner, the treated manganese apnenred to ba sater resistant.
Hewever, the results of the corrosion tests on these samples,
shown 1in Tabls I, Test No. 5, indleate that the stearic acid
traescment alone does not inhibit the corrosion of nanganase
powder to any great extent.

2ag Pratreating Manwaness Prior ko Steartc dcid Trastment

1l: Various methods of tra~ting manganesce with potassium
dichromate were used %o determine the ofJect on subsequent
stenric acid treatments. Two lots of manganese powder, which
§raviously had been treated by potassium dichromate, Apreandix
s Treatment 4, without the addition of notazsium acid sulfate
(paragraph 8) were trentad with steeric acid, Appendix I,
Treatment Be Further tests were run on man:’anese, which had
been subjected to the Draft wash Treatment L, followad by
Dishromate Treatment €, and finally by Staaric Acid Treatzent
B. The reanlts of the corrosion tests on these samples, =hown
in Tabdle II, Test Wos. 5, 6, 7, and 8, indicate that the latter
treatment, involving the Dreft wash prior to the dichromate
and stearic acid treatments, appears to best inhibiz the
gorrosion of the manganese. However, the commercial deterpgont
"Ureft" 18 not made according to a fixed formula and in fact,
tha composition has reczntily been shanged by the manufacture=s.
Therefore, a chanre w23 made in the dichromate procedure in
an attempt to obtain satisfactory inhibition after the final
stearic acid trestment without using the initial Draft wash
A serios of tests were made on gamnles of manganese which haij
bean treated by Dichromate Treatment £, followed by Stearic
Acid Treantment G. The quantity of potassium acid svlfate,
as well as the concentration of the potassinm acid sulfate
solutlon added during the dichromate treatment prior to the
gtearic ncid treartment, wers varied as shown in Tanle IV, as
wall as the number of washes with 313tilled water after dich-
romating. The results uppaur %o indfcate that 0.272 gm. of
potassiui sulfate, added during the inttisl dichremating, 1s
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preferable to 010 gm of the same matzrial and that the lower
concentration of potassium acid sulfate, .272 gm/1CO cec, i3
preferable to the higher concentration of .272 gm/4% =ze. Tha
data on the effasct of the number of water washes after the
Aichromate treaiment, prior to the stearic acid trzaument

1s somewhat erratic but it appears that a low number of washes
i3 preforabla.

EFFTCT OF SURFACE TREATLENT OF FUELS ON THRIR USE IN
GASLESS LELAY COMFOSITIONS

12. Pull data arz not available on the effect of thas surface
treatmant ¢f manganese and ccebalt powders on their subsegquent
use 'n gasless delay ceomposiiions. In general, $he surface
treatriont of the fuels apnears o tend to increase slightly
the burning rats of gaszless delay mixtures in which they are
usaed. ZHowaver, tesis on delay wixtures in which the fusl i3
trested wizth both the dichronate and atearie acid treatments
(refarence h) indicate that there 43 no excessive ga3 formae
tion, that the mixtures bdurm sstisfactorily, and thas there
is 2 definite inprovement in survellilance cuslities.

IPURITISS ADDID 0 UETAL POWDERS BY SURFACE TRRUATHERT

13, Proelisinary tests on cobalt yrowder 4rasted by Dishromate
Treatmens A, indicata that as nmuch as 1 or 2% chrozinm may be
added to the surface of the cobalt. ¥o data are avallabls
on sanganase powier trezted with rotassium dichromate. Howe
gver, delay mirxtures uging fuels treated with potassium
dichromats and tha 3ubsscient stearic acid trsatment appear
0 hova rapzeoducivle buraing ratez and the adiition of the
gharesium t0 tha surface of the fuel does pot have any adverss
£7z¢t on the performance of ths delay amixturss. The of fect
Of any larze zddition of atearic scid may become more sarious
in visw of the potential rfas wihich nay be found by reaction
betwgen the gtenzic acid and the oxidizing agents ip the
dalay mixturss. Carbon analyses wers madg on samples of cobalt
and mazranzzg povder afier the dichromate treatments, and again
afzsr the combined dichromate and 2¢earic acld ¢roatments,
The particle size distribuiion of the coball and mang~nese
wders 42 shown fn Table ¥, and the carbon analysas in Table
I. Only <10 2at of carbon sralys=s was obtained on the
enbalt sampies but ths »results indicates that the carbon increase
rszuliing from the stearic acid ceating i3 oniy a small per~
santage of the carbon already in the cechalt and should cause
1o trouble. Carbon gnslyses for iwo lots of manganese are
shioen 1n Table VI. The Rellar analyses of these twe lots of
#marnic ‘nese, table ¥, show that the particle size distribntions,
and therefors prssunably the surface sreas are very nearly egqual.
24nce tha guantity of stearic acid agdsd fo the surfice of a
aetal powdar by the treatment probably depends on the surface
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arsa of the powder, it would be expected that a unifora coating
procedurs would result in an equal addition of stearic acid to
each of these two lots of manganess. ihe rwsults of tha carbon
analyses in Table VI indicate that agnal amounts of carben, and
tharefore stearic acid, are added to samplas of ths two lots of
manganase. Tha maximum stearic acid that can be addsd to the
manganese powder, Lot 2007 1z given by the following equation,
assuming that the stearic acid i3 present in a moncmolacular

fila: y=
-t

W= gm oanteariaiacid adsorbed in complete monolayer on one
gram of Lot 2007 mangans3e powder.

Axn= 1985 cx?/gm. surface area of Lot 2007 mangan
by the nitirogen adsorption methcd.

N= 284.5 gn. FGram-molecular weight of stearic aecld

Asts 22 x 1018 em2 cross sectionsl area of stearis acid
molsculs (referance 1) ) :

= Avogardo's nusber 6,06 x 16°3 molacules/ga-mol.

R
ts‘gﬁ_ﬁg?ﬁ_‘»j_rm = 424 x 16~6 gram of stearic acid
‘ X x 6.l0 x 1C= adsorded in complete amornolayer on
: . . < N cne gram of Lot 2C07 manganuse

pondar

1i. The stearic &cid actually adscrbed on ons grem of manganase
powder can de calculated from the carbon anaiysis of the ccated

powder by the fellowing formulas
Wots (Wep = Wo3 ) sgi

Wuta grams stearic adsorbed on one gram of manganese

l‘zs .00034 groms of carbon per gran of manganess affer
adsorption of stearic acid

LA »00010 grams of carbon per gram of manganese befors
adsorption of stearic asid

¥ste 284.5 gm. Gram-molecular weizht of stearic acid

7
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Me= 216 gm. Welght of carbon in one mol of steavric acid

Wst= ,00025 x 284.5 = 329 x 10°6 grams of stearic acid
2l adsorbted on ona gran of Lot

2CC7 manganase powdar

15, Although these results indicate that thers may not be
sufficiant stearic acid adsorbed on ths manganese to cover

it complately with a moncmolecular laysr, thars is no svidencs
to show whather the stearic acid 1s spread out over part of

the manganesa in a monomolecular layesr or whether it 18 col® ctead
on smaller portions of the surface in layers several molasulas

" CONCLUSICNS \

16, The atmosphoric corrosion of cobalt anl mangansse powdiers
at 95% pelative humidity, and 160°P. can he inhidited by 2
dizhromate treatwsnt followed by a atearic acid treaiment.

17, The corrosion inhidition of either cohalt or manganese
obtained dy the combinod dichromata-steeric acid {reatuentis
is superior to the inhidition obtained dy sithor treatment

alene.

18. The guantity of staaric ~cid adsorbed by the metal powder
during the treatment appears to be 3gnazant for a given sample
ol metal poxder and 1s adout 2 x 10™% gm of stearis; acid per
gram of zetal powler vhose surfice area is 2C00 cm® per gral.
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Corrosion Tasts

Tabla I
on Trentcd Samnles of Coball Do der

SR A G 640 4 WAL a3 50 5 s - o

Teat Lot 4 Weight Incrozse of Smupla ASSer
Lo, Treatoens Fo. . Bxposure at 160°?, 95¢ =
B Days Exposurs
12 24 36 4% 59 69
1 Yons 1735 | 8.961 11.30. ]
D 1081 | 3.32) W5 ;
TR Dichromate Treatoent |1735 | 0.9 ] 0.50; 1.15-
N L ., 8 ‘ - ° " 1081 1050 2052. —‘v
3 Mohroncte Zreatoomt [1735 | 0.3 | 0-59, 26wt
_ —+ S S S
k _ Droft Ynah Treatzens {1735 0.59 i 1.00 1.62~ ;
D followed by Hahroe ¥
mte Trecinant o i
5 Steoric Actd Treateanfl?35 | 3.55 | B.B0wemrmmemmamiomacr
- » _ 181 | 0.83 ] 1.2 , :
6 Dichromste Treatnens {1735 0.3 | 0.50 0.4 H
A 2711owed by Steario ICSL 0.24 i 0.33 0.3%! O.}«W 0.3% 0.%0
. Aci4 Trertnent B ) 3 ' t i
Lo Y I ! ; W e g
1 Diehromate Treatasut N i :
Actd Trecimont T , . { ,
) Drefs Wosh freatnent Q755 | 0.30 ! 0.37 0.45° '
B folloved by Dichro- ‘ ! |
mte Trer aent G- )
follovod by Ste:ris : i
A01d Treatnens B , ‘ : g :

':hstswpp&lmmmuomw.
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Corrosion Tosts oa Trsated Samples of Menganese Po.der

Dichromate Tro-t-
nent C, followed by
Stecric Ascid Treate
nent X

4 ¥aight Increase of Sampls

After Exposurs at 150°F 955 AR

ot Mo. of
Trontment Mangnnoss
12
Moxs 2006 3.25
e 5.8
*Dichramate Tret~ 2005 0.88
ment A o, 31692 . 1.00
* ehichromate Treate 2006 0.65
zent & - 1632 0.85
neas D followed by 1692 1.36
Dichronate Treat~
nent O°
Steario Aold Trert-2000 .22
st 3 1682 1.00
Dichrorats Trect- 2006 0.10
meat A followed By 1652 0.15
Stecric Acid Tveats
zent 3
Mchromate Trerte 2005 0.10
ment € folloved by 1652 0.15
taaric Acid Treant
neat 2
Droft Hash Trest- 2006 0.15
oeat D followed by 1592 0.09

24 36 4]
days sxrosurs
502” -
5.2
‘.w SRRy S
2.63 RPNy S AR
1.72 Erense T e
1. 2 L
2& L
3.
2.63
0.29 0.90 =meme
0. 3036 Resmmesnd
0.380 1. r—
2
0.18 0.26 0.82
0.16 0.45 3.68

® No XSOy used in Dichromets Tro~tmemt A%0 of powdersd rangansse.
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Test
To. rcataeat No-
p 8 Fons 2007
20Cs
2 Dichromate Traztment 2007
T .272 gn K30, n 20038

100es doatilled wnter 2007
addsd during first 15 2008
ain. of dichromate ’
trozinent

3 Dichromate Treetmans 2007
? (.277 on KH2O0, 33 20C8
100ce f£istillad uoter 2007
&dds4) followed by 2008
:uuuAdAhmmmt

Lou,

Tabdla IIX

"w. Q.8
w22 szghos

after dichromatinzg 10 20

2T e G
< =

-

% Weizht Increase of Sazpls
After BExposurs at 160°F, 950 =R

Days Exposur.
30 4 5 60 70

2.4

g Y

RhErown

g"8&o£nnuhdw%rnafcuuiuwmhmﬁ.

*® Tegts torxinated dus to lack of oven spacs

i1
CONFILENTIAL

I.W

0.20
0.22

o2

0.4gee.
0.63%
Q.83
0.63%%-

9 47 .8
.a -3’0 070
52 1.10 2.39
19 .32 .79
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Tadblea ¥

L e T S

Yaata

Particle Size Dintridvilon of sansanese and Cobalt Towder
Used in Swrface Trecatnent Tosts

lot
Xo.

1081
1735

Roller Analysis-Weight Percent

Sereen Analysis

=325  +325 O=5 5=10 10=20 20=U40
Mesh Kesh Kicron Micyon Micren MNicron
99.8 0.2 -
99.8 0.2 9.8 2.1 22.5 37.§
93.9 0.1 —

9. 0.2 100 187 3.6 369
9.9 0.1 0.5 249 4.9 19.7
9.8 0.2 104 2h2 W5 a3

eOdbtazad from Metals Distntesrating Co. Xlizadeth, M.J.

Notal
 gobalte
© odalte
ngraose®
Mansanese®
. lhn&mao‘
~ Mangrnese®
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APPENDIX I
SURFACE TRIATHENTS USTD CN MANGANESE AND COBDALT FPOWLERS

Treatment At Dichromata Treatment

%0 gm of the metal powder wns added slowly with stirring, to

a solution of 6.25 gm of g:cr On and 0.63 gm. XHSO, 4n 125 ce.
of distilled water at 95°CS ﬁfgar ths metal powder ms stirred
1/2 hr. at §5°C. 1t was filtered by suction and washed 20 tires
with 2% cc. portions of distilled water. The washed sanmple
was drisd 2 hrs, at 71°C. ‘ ‘ »

Treatzant B} Stearic Acid Treatrent

ZO ;a of the motal powder was stirred 1 hr. in a solution of

o2 « of gtearic acid in 125 cc. of C. P. CCLg, at room
tomperstures. The powder was filtered by suction and washed

10 times with 25 ce, portions of C. P. JC1l,. %The washed sample
vas dried 1 hr. at 71°C. “

Preatasnt C: Pichrcnmate Treaatmant - YModified

* 50 gm. of the petal poxder was added slowly, with stirring, to
& solution of 6.25 gm. of K,Cr 0, and 0.63 gm. KIS0, in 125 cc.

. of a1gtilled water at 95°C. A?tZr the powder was stirred

‘1/2 hr. at $5°C., 1t was centrifuged and washed twice by decanta-
tion with 50 cc. of distilled watar. The washed sanmple was
dried 2 hrs. at 71°C.

" freatment D1 Dreft Wash

30 s-. of metal powder #as added, with stirring‘ to a solution
of 0.13 gm. of the commercial detargant, "Dreft" in 125 cc. of
distilled water, at room temperature. After the sample had
- been stirred 1/2 hr. 1t mas centrifuged and decanted. The

wet sample wns then placed directly in the dichromating solation
described in Treatment C.

Treatment 2: Modified Stearic Acid Treatment

gs. of the metal powder wee =%i--.i : =7, ian a solution of
«25 g, Of mt~avil 231l In £2Y cc. of Co Po CCly at room
teaperature. 1The powder was centrifuged and wnsged six times
by cdecantation with 50 cc. portions of C. P. CCly. The washed
powder was dried 1 hr. at 71°C.




APPRNDIX I (continued)

Treaizmcnt P2 Zdshreomats Toat-~at -~ Second medification
50 gm. of tn: setal -5 sr was added sliowly to a solution of
18.8 gm. of £ T 7 14 125 cc. of distilled water at 95°C. As
soon as the a¢ .£16n of the metal powdor wxas completed, a
solution of KHR04 in distillasd water at 25°C. was added slowly
over a period of 19 minutes while the suspsnsicn was stirred
at 95°C. The concentration and quantity of the KIS0, solution
used are detailed in Tables III and 1I¥. The metal powder was
filtered with sucticn and wsshed with distilled water at 23°C,
The washing procedure 1s also detailed in Trbleas III arnd IV,

The washed sample #33 dried 2 hrs. at 71°C.
Treatment Gt Stearic Acid Trevtment - Second modification

ZO gm. of the matal powder was stirred 1 hr. in a solution of

«25 £a. of stearic acid in 125 cc. of C. P. CCl . The ar
was filtersd and washed 4 times with 25 cec. portgens of C. P.

CCl4 and then dried 1 hr. at 71°C.
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Raf: (a) NOLY 10643 "Program for Devalc,li, £nilzzz Talays®
(b) International Critical Tables, Tui I, p. &7

(c) U. S. Patent 2,454,799 "Prodncing Protective Coatings
on Yagnesium Fowdar" - Hart & Eppig

(d) "Motalllc Corrosion, Passivity and Protecticn”
U. R. Evanse.

{a) "Polar Type Rust Inhibitors", B-ker, Jones & Zisman
Industrial & Engineering Chemistry Vol 41 No. 1
January 1949 ‘

(£) Technical Revort to the 0££2:u of Navnl Roesea»ch,
Work done under Contract N3 oriel36 Task Order II
Part 1, "The Adsorgtion of Polar Organic Comrounds
on Stesl Surfaces. » -

(g) U. S. Patent 2 387,243 nFlake for Decorative and
Protect?.-= SOaﬁings' - U. 8. Patent 2,303,504
wTp~ czant of Metal Powdors", Ryan.

(%,; SAVORU Report 1775 - Manganese and Cobalt Delay
: Miztures. ‘

(1) "Topics in Physic»l Chemistry” -~c1irk
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